Charge-exchange reactions have proven to be excellent tools for probing spin-isospin-flip excitations in nuclei [1] . In particular Gamow-Teller (GT) transitions, which are associated with spin-flip (∆S = 1), isospin-flip (∆T = 1) and zero units of angular-momentum transfer (∆L = 0) can probe excitation-energy regions not accessible through β-decay experiments.
The extracted GT strength distributions test nuclear-structure models, provide important input for simulations of stellar evolution and neutrino-induced nucleosynthesis, and can be used to constrain calculations of matrix elements for 2ν and neutrinoless double β decay.
For charge-exchange reactions in the ∆T z = +1 direction (β + direction), a variety of probes are available of which the (n, p) [2, 3] and (d, 2 He) [4, 5] reactions have been most widely employed to obtain information about GT strength distributions. It has been shown [6, 7, 8, 9, 10] that the (t, 3 He) reaction at 115 AMeV is also an attractive probe. Good energy resolution (∼ 200 keV) can be achieved and experience with the ( 3 He,t) reaction at 140-150 AMeV [11, 12] , including a detailed study of the extraction of GT strength over a wide target-mass region [13] , is of great benefit to the interpretation of (t, 3 He) experiments.
The main challenge for the (t, were achieved [6, 8, 9, 10] . After the coupling of the K500 and K1200 cyclotrons [14] , a triton intensity of ∼ 5 × 10 6 was achieved by fast-fragmentation of a 150 AMeV primary 16 [17] (the latter by employing isospin symmetry), and shell-model calculations. Since the details of the production and rate-optimization studies for the triton beam from fast fragmentation of 16 O have been discussed in Ref. [15] , here the focus is on the reconstruction of the excitation-energy spectra, angular distributions and the extracted GT strength distribution.
The secondary triton beam of 115 AMeV was transported to a 9.86 mg/cm 2 thick, 99.92%
isotopically-enriched 24 Mg target located at the entrance of the S800 spectrometer [18] . In order to obtain high resolution (t, 3 He) data, the beam lines and the spectrometer were operated in dispersion-matching mode, which limits the momentum acceptance to ±0.25%, corresponding to a 3 AMeV kinetic-energy spread of the triton beam. in which significant GT components in the spectra were measured are indicated and numbered 1-4. from the A1900 fragment separator [19] to the S800 target was 40 − 50%. This was lower than the expected value of about 80%, which was traced back to small misalignments of certain beam-line elements. This has been resolved recently; the improved transmissions will lead to further increases in the triton beam intensity for future experiments. The 3 He particles produced in the 24 Mg(t, 3 He) reaction were detected and identified in the focal plane detector system of the S800 [20] . Two cathode readout drift chambers determine the positions and angles in the dispersive and non-dispersive directions in the focal plane. A 5 th -order transfer matrix [21] was used to reconstruct the 3 He momentum, the track angles reconstruction of x nd (with a resolution of about 2 mm) is, therefore, also useful for removing the background events from the adhesive. It was hard to estimate how many 24 Mg(t,
events were removed by this cut, leading to a large systematic error in the absolute cross sections. The Gamow-Teller strengths were, therefore, normalized through comparison to existing data, as detailed below.
From the reconstructed angles and momentum, the 3 He center-of-mass scattering angle θ c.m. ( 3 He) and the excitation energy (E x ) of the 24 Na were determined on an event-by-event basis. Due to the large size of the beam spot on the target, the acceptance of the spectrometer is not complete for angular ranges beyond −3
• , which were, therefore, excluded from further analysis. The maximum θ c.m. ( 3 He) covered was 4.6
• . In indirect method was applied based on isospin symmetry of the strongest transition measured in the present work with that studied via the 24 Mg( 3 He,t) reaction 1 [17] . The B(GT) for the strongest GT transition in that reaction (at E x ( 24 Al) = 1.090(10) MeV) was deduced to be 0.668, using an empirical relationship for the unit cross section as a function of mass number [13] . The error in that value is approximately 5%, predominantly due to the uncertainty in the empirical relationship for the target-mass dependent unit cross section. As detailed in
Ref. [10] for the case of the 26 Mg( 3 He,t) reaction, the systematic errors in the extraction of GT strengths, mainly due to the effects of the tensor-τ component of the effective nucleonnucleon interaction, are lowest for transitions with the largest B(GT). Hence, we performed the calibration with the strongest GT transition.
The four regions identified in Fig. 1 are not of pure GT (∆L = 0) nature. Besides the fact that the GT states are not completely isolated from neighboring states of different angularmomentum transfer due to the finite energy resolution, the GT transitions also contain minor quadrupole components because 0 + → 1 + transitions can be due to the coupling of ∆L = 2 and ∆S = 1. Therefore, a simple multipole decomposition analysis (MDA) was performed for each of the four regions. The theoretical angular distributions used in the MDA were calculated in DWBA using the code fold [25] and were very similar to those performed for the 26 Mg(t, 3 He) reaction in Ref. [10] . One-body transition densities (OBTDs)
were calculated using the sd shell-model interaction USDA [26] in an isospin-nonconserving proton-neutron formalism and the code OXBASH [27] . For the MDA, angular distributions were calculated using OBTDs of the states most closely matching the strength and excitation energies observed in the data. For dipole transitions, a pure p 3/2 -d 5/2 transition was assumed.
The GT strength in region 1 (see Fig. 2a ) is due to the known 1 + state at 472 keV ( [22] ), but in the present experiment this state cannot be separated from the nearby 2 + state at 563 keV. The MDA was performed, therefore, using angular distributions with ∆L = 0 and ∆L = 2, the latter representing both the quadrupole contribution to the GT excitation and the contribution from the nearby 2 + state. In region 2 (see Fig. 2b Problems with the alignment of the beam lines to the S800 and the size of the target, which reduced the triton beam intensity and made it hard to extract absolute cross sections, were identified and will be corrected in future experiments.
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